Abstract.-The RNA-labeling patterns obtained after T5 infection of Escherichia coli F agree with the patterns of protein labeling published by McCorquodale and Buchanan.I Three distinct classes of RNA formed sequentially during the period of viral development can be recognized by the DNA-RNA hybridization-competition technique. Class I RNA is formed within 5 minutes after the beginning of viral metabolism and corresponds to the RNA synthesized in response to infection with the 8 per cent segment of T5 DNA. Protein synthesis directed by this 8 per cent segment is required in some capacity for the cessation of class I synthesis and the beginning of the synthesis of class II at 4 to 5 min after infection. Class III RNA synthesis begins between 9 and 12 minutes. Its appearance is prevented when chloramphenicol is added immediately after complete expression of class I functions.
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Proteins synthesized under the direction of a phage nucleic acid molecule have in certain cases been grouped according to the period of time during which they are synthesized in the phage-replicative cycle. At least three classes of proteins are formed when T5 is allowed to infect Escherichia coli F. Class I proteins appear between 0 and 6 minutes at 370, class II, which includes the socalled "early" enzymes, are detected between 6 and 18 minutes and class III from 14 minutes until lysis. 1 Bacteriophage T5 is unusual in that a small portion (8%) of its genome, "first step transfer" DNA, can be transferred to host cells with the exclusion of the remaining 92 per cent.2' I Proteins synthesized in response to infection by this DNA have been shown to correspond to the class I products formed in the presence of the intact chromosome.
I
It will be shown in this paper that there are at least three classes of RNA, which may be distinguished from each other by the DNA-RNA hybridizationcompetition technique, and which may correlate roughly with the three classes of proteins previously observed. The description of the synthesis of individual species of RNA during T5 infection as determined by the technique of disc electrophoresis on polyacrylamide gels has been reported briefly4 and will be communicated in detail by Sirbasku and Buchanan5 elsewhere. buffer (T-MGM). T-MGM buffer lacked glucose and NH4CI. All media contained 0.001 M CaCI2.
The cells, which were used without irradiation, were depleted of endogenous metabolites by incubation for 10 min in T-MGM buffer at a cell concentration of 5 X 109/ml at 370 before use. Then the cells were infected at a multiplicity of 10 by the addition of an equal volume of T-MGM buffer containing the phage to give a final cell concentration of 2.5 X 109/ml. Phage-bacterium complexes were allowed to form for 10 min at 37°. The cells were diluted to 1 X 109/ml with T-MGM buffer. To bring about penetration of the whole T5 genome (whole infection), 2 ml of a solution of 5% glucose, 5% NH4Cl were added to each 25 ml of culture and aeration was begun. To accomplish infection with only a part (8%) of the T5 genome (FST infection), cells infected in T-MGM buffer at a final concentration of 2.5 X 109/ml were stirred at maximal speed (blended) at 0°in an ice bath either in 30-ml batches with a Sorvall Omnimixer of 50-ml capacity for 10 min, or in 300-ml batches with a Sorvall Omnimixer of 500-ml capacity for 20 min. In the latter case, the treatment was carried out in two steps of 10 min each with a 2.5-min pause between to prevent overheating of the cells. The FST-bacterium complexes were sedimented at 2500 X g for 10 min to remove phage debris and unabsorbed phage, and the pellet was resuspended in fresh T-MGM buffer at a concentration of 1 X 109/ml before use. Intact phage-bacterium complexes that survived the blending treatment were assayed by the ability of the survivors to give rise to plaques when plated on suitable media. Survivors were 5% or less. The procedure for superinfection of cells involves concentration of FST-complexes by centrifugation, incubation of cells resuspended in T-MGM buffer to remove endogenous metabolites, and finally, reinfection at a multiplicity of 10. Approximately 50% of FST-infected cells have been reported on superinfection to give rise to progeny phage.7 In experiments with chloramphenicol, the antibiotic was added to make a final concentration of 100 Mg/ml of cellular suspension 2 min prior to the addition of phage, whether cells were undergoing a single infection or a superinfection of FST-complexes.
Pulse-labeling of RNA: FST-, whole-infected, and FST-superinfected cells were used at a concentration of 1 X 109/ml for pulse labeling of RNA with 6-3H-uracil at 37°. The synthesis of protein and RNA was initiated in whole-infected cells, FST-bacterium complexes, or superinfected cells by the conversion of T-MGM buffer to T-MGM with the addition of 2 ml of a solution of 5% glucose-5% NH4Cl for each 25 ml of sample culture. All infected cultures were aerated by shaking at maximal speed in a New Brunswick water bath. The addition of these nutrients and aeration were used as the point of reference (zero time) for the beginning of the phage replicative cycle. At indicated times of pulse initiation, 25 ml of cells were removed and added to a 250-ml Erlenmeyer flask containing 0.25 ml of 6-'H-uracil (250 4uC/ml) at a specific activity of 500 /AC//umole. Three minutes later the incorporation was terminated by transfer of the mixture to 10 ml of frozen T-MGM buffer. RNA, labeled and unlabeled, was isolated by the method of Salser, Gesteland, and Bolle. 8 The time of initiation of the pulse is used in the figures included in this communication.
DNA-RNA hybridization-competition: DNA-RNA hybridization was carried out with nitrocellulose membrane filters, Type B6, Carl Schleicher and Schuell Co., Keene, New Hampshire, by the method described by Gillespie and Spiegelman.9 Ratios of unlabeled RNA:labeled RNA were calculated from absorbancies of RNA solutions at 260 m,4.
DNA was extracted from T5 phage by the method of Kaiser and Hogness'0 and denatured according to the procedure of Lembach, Kuninaka, and Buchanan."'
Results and Discussions.-RNA-labeling patterns of FST-and whole-infected cells: The experiments reported in Figure 1 , together with those of Sirbasku and Buchanan' using polyacrylamide gel electrophoresis, provide evidence for the existence of at least three classes of RNA formed during the course of a normal whole infection. As has been described briefly in a preliminary report by Sirbasku , Moyer, and Buchanan,4 RNA was pulse-labeled between 0to 3, 5 to 8, (Fig. 2A) This observation contrasted with that seen in whole-infected cells, which showed RNA synthesis continuing much later than 20 minutes. The types of phage-specific RNA that were synthesized by whole-infected cells early in the infection period and by FST-infected cells seem to be qualitatively similar since they showed mutual competition with each other (Fig. 2B and 2C ). The nature of the competition curve of unlabeled FST-RNA with RNA pulse-labeled between 2.5 and 5.5 minutes after the onset of viral metabolism of whole-infected cells indicated that the latter may contain some species not present in the former and that the beginning of synthesis of a second class of RNA (class II) may have already begun during the pulse period.
Shutdown of class I RNA synthesis in whole-infected and FST-infected cells:
Effect of chloramphenicol: In whole-infected cells, the apparent shutdown of class I RNA synthesis may be gradual since some class I RNA (10% of the total) was detected as late as 9 to 12 minutes after infection (Fig. 1A) . In FSTinfected cells, the shutdown of class I RNA synthesis could be examined in greater detail since the situation was not complicated by the appearance of later classes. If FST-infected cells are pulse-labeled 17-20 minutes after infection, a small but detectable amount of class I RNA may still be synthesized (less than 10% of the initial rate). When FST-infected cells are incubated in the presence of chloramphenicol, the rate of synthesis of class I RNA is prolonged. As determined by the technique of pulse-labeling, the rate of class I synthesis at 20 minutes is 50 per cent of the initial rate. This observation indicates that a class I protein may have some role in the more marked loss of synthetic capacity of FST-infected cells incubated without chloramphenicol. RNA made during superinfection of FST-infected cells: If FST-infected cells are incubated for 20 minutes in T-MGM medium to reduce RNA synthesis to a low level and are then concentrated and again infected (superinfected), RNA synthesis begins anew. Hybridization-competition indicates that the RNA pulse-labeled after superinfection is phage specific but primarily of a different type than that made by the FST-infected cells. In an experiment reported in Figure 3A , several samples of radioactive RNA were prepared for competition with unlabeled FST-RNA isolated at 5.5 minutes. One radioactive sample was obtained by pulse-labeling of FST-infected cells between 2.5 and 5.5 minutes and the others by pulse-labeling of FST-infected-T5-superinfected cells for a 3- minute period beginning at 2, 12.5, and 25 minutes after superinfection. Of these four labeled samples of RNA, unlabeled FST-RNA shows nearly complete competition with its homologous labeled FST-RNA and competes with a small fraction of labeled RNA formed 2 to 5 minutes after superinfection. In later pulse periods (12.5-15.5 and 25-28 min), the synthesis of class I RNA was negligible. However, unlabeled RNA isolated at all corresponding time periods from superinfected cells still shows a great deal of competition with radioactive RNA made from the FST-infected cells (Fig. 3B) . This latter observation could be explained if unlabeled RNA synthesized in the FST-infected cells were protected in some way from extensive degradation and therefore were present at the time of superinfection. This possibility was tested in an experiment that examined the accumulation of labeled RNA during a 20-minute period after the initiation of metabolism of FST-infected cells. At the 20 minute point, when the synthesis of new RNA as measured during a pulse period had virtually ceased, substantial amounts of RNA had accumulated which may have been partially degraded but still of sufficient size to undergo hybridization to T5 DNA.
Superinfection of FST-infected cells in the presence of chloramphenicol: MvIcCorquodale and Buchanan' have shown that FST-infected cells upon superinfection immediately initiate class II protein synthesis. If information for the coding of a protein(s) required for the onset of class II functions is present in the FST-portion of the genome, then RNA species distinct from FST-type RNA should be made in the absence of further protein synthesis upon superinfection with T5. This is, indeed, the case as is shown in Figure 4 . In experiments not reported here it was shown that reinitiation of T5-directed RNA synthesis occurred whether or not chloramphenicol was added two minutes prior to the superinfecting phage. The rate of synthesis of RNA was similar for cells superinfected in the presence or absence of chloramphenicol.
The RNA formed after superinfection in the absence of chloramphenicol (Fig.  4A ) was primarily class II RNA. However, as has been shown by these hybridization experiments as well as those of Sirbasku and Buchanan5 utilizing polyacrylamide gel electrophoresis, about 10 to 20 per cent of the RNA formed immediately after superinfection is of the class I type. In some experiments (Fig. 3A) we have found that the amount of class I RNA formed immediately after superinfection is greater than that shown in the experiment reported in Figure 4A . However, we have consistently found that the relative amount of class I RNA has diminished considerably at 25 to 28 minutes after superinfection. In the presence of chloramphenicol, the composition of the RNA remains approximately constant during the superinfection period as determined by the hybridization-competition technique and consists of about 20 per cent of class I RNA and 80 per cent of class II RNA for both pulse periods measured after superinfection (Figs. 4B and 5D ).
Class III RNA synthesis after superinfection of FST-bacterium complexes: The purpose of the experiment reported in Figure 5 was to define the conditions and circumstances for the production of class III RNA after superinfection of FST-bacterium complexes. In order to obtain as clean a separation of classes as possible, the pulse period was slightly modified from that shown in Figure 4 immediately after superinfection. RNA was pulse-labeled between 0 and 3 minutes and 25 and 28 minutes after superinfection in the presence and absence of chloramphenicol. Each of these four samples was then subjected to In summary, after the full expression of class I functions, chloramphenicol prevents the change in the composition of the RNA formed early in the super-1255, BIOCHEMISTRY: MOYER AND BUCHANAN infection period to that seen later. However, since protein and DNA synthesis are closely linked in the T5 system, 12 one cannot conclude that the failure to form class III RNA in the presence of chloramphenicol is primarily a result of inhibition of either protein or DNA synthesis or a result of the loss of both processes.
The transition from class I to class II RNA synthesis is also prevented by chloramphenicol, quite probably because of the resulting inhibition of protein synthesis. Lanni7 has speculated that a class I protein is needed for the complete injection of the T5 genome. The immediate synthesis of Class II RNA and protein upon superinfection of FST-complexes may either result from a direct action of a class I protein on the transcription process or possibly reflect the availability within the cell of the entire T5 genome for transcription.
